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Sampling ProtocolSampling Protocol

Emerging Issues Monitoring through Clean Emerging Issues Monitoring through Clean 
Michigan Initiative Michigan Initiative –– Clean Water FundClean Water Fund
Ann Arbor and Grand RapidsAnn Arbor and Grand Rapids

Source water, finished drinking waterSource water, finished drinking water
WWTP influent/effluentWWTP influent/effluent

MonroeMonroe
Source water, finished drinking water onlySource water, finished drinking water only

January, April, July, October 2005January, April, July, October 2005



Target AnalytesTarget Analytes
AntibioticsAntibiotics

SulfamethoxazoleSulfamethoxazole
LincomycinLincomycin
TylosinTylosin
TrimethoprimTrimethoprim

AnalgesicsAnalgesics
AcetaminophenAcetaminophen
CodeineCodeine
IbuprofenIbuprofen

BetaBeta--blockersblockers
Atenolol Atenolol 
MetoprololMetoprolol
Propranolol Propranolol 

Lipid RegulatorsLipid Regulators
Clofibric acidClofibric acid
GemfibrozilGemfibrozil



Target Analytes (cont’d)Target Analytes (cont’d)

Hormones and SterolsHormones and Sterols
1717--ββ--estradiolestradiol
1717--αα--ethinylestradiolethinylestradiol
EstroneEstrone
EstriolEstriol
CholesterolCholesterol
CoprostanolCoprostanol

MiscellaneousMiscellaneous
CarbamazepineCarbamazepine
FluoxetineFluoxetine
NorfluoxetineNorfluoxetine
CaffeineCaffeine

ExtrasExtras
CimetidineCimetidine
DiltiazemDiltiazem
1,71,7--DimethylxanthineDimethylxanthine
DiphenylhydramineDiphenylhydramine
ErythromycinErythromycin
MiconazoleMiconazole
SertralineSertraline
ThiobendazoleThiobendazole
WarfarinWarfarin



Analytical MethodsAnalytical Methods

Drs. Bryan W. Brooks and C. Kevin Drs. Bryan W. Brooks and C. Kevin 
Chambliss Chambliss -- Baylor University Center for Baylor University Center for 
Reservoir and Aquatic Systems ResearchReservoir and Aquatic Systems Research
GC/MS for hormones/sterolsGC/MS for hormones/sterols
LC/MS/MS for remainderLC/MS/MS for remainder



Compounds Detected in Source Water

0

5

10

15

20

25

30

35

40

45

Horm
ones

/Ster
ols

Antic
on

vu
lsa

nt
Lipid 

Regulator
s

Stim
ulants

Beta-
Block

ers

Analg
es

ics

Antib
iot

ics

Category

C
on

ce
nt

ra
tio

n 
(n

g/
L)

Ann Arbor
Grand Rapids
Monroe



Compounds Detected in Drinking Water

0

2

4

6

8

10

12

14

16

18

Horm
ones

/Ster
ols

Antic
on

vu
lsa

nt
Lipid 

Regulator
s

Stim
ulants

Beta-
Block

ers

Analg
es

ics

Antib
iot

ics

Category

C
on

ce
nt

ra
tio

n 
(n

g/
L)

Ann Arbor
Grand Rapids
Monroe



Effect of Water Treatment
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Compounds Detected in Wastewater Influent
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Compounds Detected in Wastewater Effluent
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Effect of Wastewater Treatment
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Ann Arbor Source Water vs. Drinking Water
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Ann Arbor Source Water vs. Drinking Water
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Ann Arbor Source Water vs. Drinking Water
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Ann Arbor Wastewater Influent vs. Effluent

1

10

100

1000

10000

100000

Caff
ein

e

Ace
tam

ino
ph

en
1,7-

Dim
eth

ylx
an

thi
ne

Ibu
pro

fen

Aten
olol

Compound

C
on

ce
nt

ra
tio

n 
(n

g/
L)

Influent
Effluent



Ann Arbor Wastewater Influent vs. Effluent
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Ann Arbor Wastewater Influent vs. Effluent
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Should We Regulate PPCPs?Should We Regulate PPCPs?

““Not everything that counts can be Not everything that counts can be 
counted, and not everything that can counted, and not everything that can 
be counted counts.”be counted counts.”
–– often attributed to Albert Einsteinoften attributed to Albert Einstein



Unanswered QuestionsUnanswered Questions
Is any of this a problem?Is any of this a problem?

Antibiotic resistanceAntibiotic resistance
Endocrine disruptionEndocrine disruption
Aquatic lifeAquatic life

Persistence and bioaccumulation?Persistence and bioaccumulation?

WildlifeWildlife
Human healthHuman health

Allergic reactions?Allergic reactions?

How can these compounds be removed?How can these compounds be removed?
Cost, technical feasibilityCost, technical feasibility
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Grand Rapids Source Water vs. Drinking Water
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Grand Rapids Source Water vs. Drinking Water
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Grand Rapids Source Water vs. Drinking Water
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Grand Rapids Wastewater Influent vs. Effluent
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Grand Rapids Wastewater Influent vs. Effluent
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Grand Rapids Wastewater Influent vs. Effluent
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Grand Rapids Wastewater Influent vs. Effluent
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Monroe Source Water vs. Drinking Water
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Monroe Source Water vs. Drinking Water
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Monroe Source Water vs. Drinking Water
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